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Protein Bioanalysis during drug selection & Biotherapeutic development 
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BIB: Critical Quality Attributes/Biotransformation support through Drug Selection & Biotherapeutic development

• Provide Scientific understanding of the product (+/- therapeutic effect of the product, potential adverse effect for the patient)

• Qualitative studies (Degradation, Biotransformation, PTMs)
• Quantitative studies (PD, PK studies)



The sweet Spot of protein LC-MS
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Quantitative

Ligand Binding Assay

Pharmacokinetics

Qualitative

LC-MS

Biotransformation (in-life study sample) 
Critical Quality Attributes (ensure product quality - IRM)

Advantages of LC-MS:
• LC-MS methods applicable in variety of matrices and being used at any stage during the drug development pipeline

• Complement immunoassays where there is a lack of sensitivity or specificity. 
• Complement immunoassays in the understanding of factors inducing immunogenicity (PTMs, chemical degradation …)

Disadvantages of LC-MS:
• Sensitivity still underway: routinely ng/mL level. Sensitivity boosted by Immunoprecipitation, fractionation, concentration 
• Robustness of the assays is to be improved by utilization of automated system handlers
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Why incorporate a reference standard in the assay?
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Ø Current capability of Intact LC-MS: provide mass confirmation and relative % PTMs

Ø Moving beyond: Attempt to provide more accurate relative quantification of species (intact, clipped forms) when no IS available

Ø How? Incorporate a Qc mixing of Lead-3 and Lead-4

v Use mixed QCs (Lead 3: Lead 4) to generate a calibration curve for relative quantification & establish assay response, LOQ
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Lead-3 and Lead-4 – Intact Mass LC-MS 

Molecular weight and Sequence information 
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Light Chain 
Dxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxS

Heavy Chain
Qxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxK

Modifications: - 17 Da = N-terminal pyroglutamate formation
- 128 Da = C-terminal lysine loss
+ 1445 Da = G0F Glycosylation 

Intact Mass MW Lead 3 = 144,836 Da
Intact Mass MW Lead 4 = 144,754 Da
D = 82 Da (x2  Lysine – Serine substitution on the light chain)
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Reference material – 1:1 (v/v) in 2% acetic acid
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Can we differentiate lead-3 and lead-4 by intact LC-MS
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- 2-3 hours for sample preparation – Agilent AssayMAP bravo
- LC-MS: 15 min / sample (0.2 mL/min flow rate)
- Agilent 1290 and TripleTOF® 6600+  MS System
- BiopharmView (Sciex) - Data Processing

Working Solutions
Lead-3 & Lead-4 in rat plasma

% Spike-in (v/v)
Lead-3:Lead-4

10 and 100 µg/mL

0: 100

10: 90

25: 75

50: 50

75: 25

90: 10

100: 0
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Intact LC-MS of Lead-3 and Lead-4 in rat plasma
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10:90 
(v/v)

50:50 
(v/v)

25:75 
(v/v)

75:25 
(v/v)

90:10 
(v/v)

100:0 
(v/v)

Lead-3
Lead-4

Intact Mass confirmation from Qc mixing 

Deconvoluted mass spectrum
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Peak area % (relative ion response)
N = 4

Relative quantification of Lead-3 and Lead-4

AVG % Bias = 2.0 %AVG % Bias = 2.0 %
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Relative quantification of Lead-3 and Lead-4

Peak area % (relative ion response)
N = 4
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Relative quantification of Lead-3 and Lead-4 & standard curves

Peak area % (relative ion response)
N = 4
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Summary Lead-3:Lead-4 Qc mixing

1. Intact Mass confirmation 3. Qc Mixing – different ratios/different concentrations

4. Calibration curves for % Lead-3 and % Lead-42. % Lead-3 and % Lead-4 calculation 

Peak area (relative ion response)
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Insert your date / confidentiality text here16x9 core template 13

Lead-4, relative quantification of unknown samples   

• In vivo rat plasma : N73324 (n=3, 10 mg/kg)
• 15 samples; 15 min, 24 hrs , 168 hrs, 336 hrs, 50)
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è Lead 4 response at 15 min is above the standard curve line generated by using QC mixing.
è 24 hrs, 168 hrs, 336 hrs and 504 hrs are in the linearity of the generated standard line
è Animal 2 – 24 hrs incubation calculated value correspond to either an issue during the immunoaffinity enrichment and/or miss injection LC-MS

analysis.
è Profiles of interpolated mAb ion response shows decreased around 80% after 168 hours incubation in Rat

Lead-4, LBA vs LC-MS and conclusion 
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